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wr _. rtnc Cft n FARDirATING porous membrane. One array includes pins Hut are designed 

M1CROARRAYS OF BIOLOGICAL SAMPLES ^ ^ ^ § OT ^ (Lchr , cn , c i eL, 

_„,_ „ __, iggm a limitation witb this approach is thai the volume of 

CROSS-REFERENCE TO RELATED J)NA»c«3 in each pixel of Vict, array is highly variable. 

APPLICATION * Edition, the number of amysihai can be made with eacb 

Thk .mlication is a continuition-in-part of U.S. patent dipping is usually quite small. 

now abandoned- p d &1 (1991) mclbod invo ivcs synthc 

The Uniied Sutes government may have certai i ngte in J0 •» * ^ ackJ peaces at different discrete 

ibe prwcol invcnlion pursuini to Grant Nu. HUmwju ^ ^ ^ L ^ mc!botl elaborate syn- 

awarded by the National Institutes of Health. 9dbme&% ^ * gCDe rally limited to relatively short 

nucleic acid sample, e.g., less than 20 bases. A related 

FIELD OF THE INVENTION ^ bceQ 5 CSCfi ^ d by Southern, et al. (1992). 

This invention relates to a method and apparatus for 13 Khrapko, et al. (1991) describes a method of making an 
fibrillins microarrays of biological samples for large scale oligonucleotide matrix by spotting DNA onto a thin layer of 
sCTeeringassays, such as arrays of DNA samples to be used polyactylamide. The spotting is done manually with a 
in DNA hybridization assays for genetic research and diag- micropipcttc. 

nostic atmUcationsi. , n None of the methods or devices described in the pnor art 

yy 20 arc designed for mass fabrication of microarTays cbaracter- 

REFERENCES ixed by (i) a large number of micro-sized assay regions 

. r i *xf AfiAf* imsmarinnnl 77^ separated by a distance of 50-200 microns or less and (ii) 
Abouzied, et aL, Journal ofAOAC International 77(2) ^ ^^^a amount, typically in the picomole range, of 
:495-500 (1994). analyte associated with each region of the array. 

Bohlander, et al., Genomics 13:1322-1324 (1992). 25 Furlncrmoref emml technology is directed at performing 
Dnnanac. et aL, Science 260:1649-1652 (1993). sucfa ^ al t ^e u> a single array or DNA mol- 

Fodor et al Science 251:767-773 (1991). cculcs. For example, the most common method for pcrform- 

KhraJko et"al DNASequence 1:375-388 (1991). ing DNA hybridizations to arrays spotted onto porous mem- 

Khrapko, et al. ,um q BIOS ENSOIL APPLIED v brane involves sealing the membrane in a plastic bag 
Kuriyama, et al, AN ISFET BIOSENSOR, ^imuj 30 . 1989) or a rotating glass cylinder (Robbins 

BIOSENSORS (Donald Wise. Ed.). Butterwortns, pp. jg^^ iLide the 

93-114 (1989). r , finn „ wrrl(/ , nT sealed chamber. For arrays made on non-porous surfaces, 

Ubracb, e, «^^ f »™ St a rniooscnpe S lide?each array is baM ^lk. 
GENOME MAPPING ^ D &?™ NC ™ G > r G £c™E « Ubeled hybridization probe scaled under a covcrsUp. These 
ANALYSIS, VOL 1 (Dawes and Tilgham, Eds.). Cold Spring 35 require a sealed chamber for each array 

Harbor Press, pp. 39-81 (1990). which makes the screening and handling of many such 

Maniatis, et al.. MOLECULAR CLONING, A LABORA- arnvs inconvenient and time intensive. 
TORY MANUAL, Cold Spring Harbor Press (1989). Abouzied, et aL (1994) describes a method of printing 

Nelson et al. Nature Genetics 4:11-18 (1993). m horizontal lines of antibodies on a nitrocellulose membrane 

Pimmo et al_ U S. Pat. No. 5,143354 (1992). and separating regions of the membrane with vertical stripes 

nn '. , r~~nr* 1 34 81-150 (1993) of a hydrophobic material. Each vertical stripe is then 

Riles, et >U <to"» 134.81 150 1993 I retc ted\vit» a different antigen and the reaction between the 

Schena. M. et al., Proc. Nat. Acad. Set. USA ^^q^ Mtibod v and an antigen is detected using a 
89:3894-3898 (1992). standard EL1SA ealorimeiric technique. Abouzied's lech- 

Southern, et al. Genomics 13:1008-1017 (1992). ni(juc makc5 it possible to screen many onc-dirncnsional 

arravs simultaneously on a single sheet of nitrocellulose. 
BACKGROUND OF THE INVENTION Abouzied makes the nitrocellulose somewhat hydrophobic 

A variety of methods are currently available for making using a line drawn with PAP Pen (Research Products 
arravs of biological macromokcules. such as arrays of JC international). However. Abouzied does rot describe a tech- 
n X acid mKes or proteins. One method for making oology that is capable of completely seahng the ports of the 
orderedfrnyTof DNAon aporous membrane is a "dot blot" nitrocellulose. The poresof the o.trocellulose are Mil phy*- 
aooroSTthU method, ivacuum manifold transfers a cally open and so the assay reagents can leak through the 
5T " 96. aqueous samples of DNA from 3 milli- hydrophobic barrier during extended high temperature incu- 
£ TdUmeir weto to a porous membrane. A common 5J bations or in me presence of detergents ****** «* 
variant of tins procedure is a "slot-Mot" method in which the Abouzied technique unacceptable for DNA bybndizaUon 
wells have highly-elongated oval shapes. assays. . 

The DNA is immobilized on the porous membrane by Porous membranes with printed patterns of hydrophflic/ 
b a£ g Lc^Tor exposing i. JSv radiadon. This is hydrophobic regions exist 

. nimial oroccdurc pracucal for making ooc array at a time w arrays of bactena colonies. QA Ufe Sciences (San Diego 
rTus^rSS Z 96 samples plr may. "Dot-blot" Ulif.) makes such a membrane wuha gnd pattern printed 
JL^S « merefore inadiuate for appUcations in on it However, this membrane has the same disadvantage as 
Sr D y^ouS slpTes must be determined. ^MkM^^^^^^^^ 
fn»Ti£ent «cbnique employed for mJang ordered gridded arrays malong them unusable for separate DNA 

ZZT" Sy ,0 8 subs,ra,e ' 18 ' bCi * ^ 10 ,bc bonom of ,he pla,e ^ p are 
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capable of containing different reagents in each well without place the dispensing device at a loading station, (ii) move the 

cross-contamination. However, each well is intended to bold capillary channel io the device into a selected reagent at tbe 

only one target clement whereas the invention described loading station, to load tbe dispensing device with tbe 

here makes a microarray of many biomolccules in each reagent, and (iii) dispense tbe reagent at a defined array 

subdivided region of the solid support. Furthermore, the 96 5 position on each of tbe supports on said holder. The unit may 

well plates are at least 1 cm thick and prevent tbe use of the fo^, operate, at tbe end of a dispensing cycle, to wash tbe 

device for many calorimetric, fluorescent and radioactive dispensing device by (i) placing tbe dispensing device at a 

detection formats which require that tbe membrane be flat wisning sulk , 11> moving tbe capillary channel in the 

against the detection surface. The invention described here device imo a wash fluid , t0 load lhe dispensing device with 

requires no further processing after the assay step since the J0 ^ ^ ^ ( ~ {) nmQV ^ ^ wasfa flui(J ^ tQ ^ 

barriers elements are shallow and do not interfere with the ^ dis ^ ^vicc ^ , fresh |dec|ed t 

detection slep, thereby greatly increasing convenience, tv j- • j. • • .u . T , 

_ r . . . , , P The dispensing device m the apparatus may be one of a 

Hyscq Corporation b« described a melhutl of m.king an 0 f sue* devices which are carried oi the arm for 

"array of arrays" on * ^-porous solid support for use wtth y ^J^ different analyte assay reagents at selected 

their sequencing by hybridization 1 technique. The method J5 m&im. 

described bv Hyseq involves modifying the chemistry of the *V ' L . . . , j 

solid support material to form a hydrophobic grid pattern In another aspect, the invention includes a substrate with 

where each subdivided region contains a microarray of a «*« bmn S a ™«oarray of at least 10 3 distinct poly- 

biomolecules. Hyseq's flat hydrophobic pattern does not «kottdc or polypeptide biopolymers m a surface area of 

make use of physical blocking as an additional means of „ 10111 aboul 1 ™"- E»ch distinct biopolymer (1) is 

preventing cross contamination. * ^P 05 ? al » ^™tc defied position in said array, (ii) has 

r a length of at least 50 subumts, and (ui) is present in a 

SUMMARY OF THE INVENTION defined amount between about 0.1 femtomoles and 100 

The invention includes, in one aspect, a method of form- nanomoles. 
ing a microarray of anaiyte-assay regions on a solid support. In one embodiment, the surface is glass slide surface 
where each region in the array has a known amount of a 25 coated with a polycationic polymer, such as polylysine, and 
selected, analyte-specific reagent. Tbe method involves first the biopolymers are polynucleotides, in another 
loading a solution of a selected analyte-specific reagent in a embodiment, the substrate has a water-impermeable 
reagent-dispensing device having an elongate capillary backing, a water-permeable film formed on tbe backing, and 
channel (i) formed by spaced- apart, coextensive elongate a grid formed on the film. The grid is composed of inter- 
members, (ii) adapted to bold a quanLily of tbe reagent 30 secting water-impervious grid elements extending from said 
solution and (iii) having a tip region at which aqueous backing to positions raised above the surface of said film, 
solution in the channel forms a meniscus. Tbe channel is and partitions tbe film into a plurality of water-impervious 
preferably formed by a pair of spaced-apart tapered ele- cells. A biopolymer array is formed within each well, 
ments. lf More generally, there is provided a substrate for use in 

The tip of tbe dispensing device is tapped against a solid ~ detecting binding of labeled polynucleotides to one or more 

support at a defined position on the support surface with an of a plurality different-sequence, immobilized polynucle- 

im pulse effective to break the meniscus in the capillary otides. Tbe substrate includes, in one aspect, a glass support, 

channel, and deposit a selected volume of solution on the a coating of a polycationic polymer, such as polylysine, 00 

surface, preferably a selected volume in the range 0.01 to said surface of the support, and an array of distinct pory- 

100 nl. The two steps are repeated until tbe desired array is nucleotides electrostatically bound non-covalenlly to said 

formed. coating, where each distinct biopolymer is disposed at a 

The method may be practiced in forming a plurality of separate, defined position in a surface array of pulynucle- 

such arrays, where tbe solution-depositing step is applied to otides. 

a selected position on each of a plurality of solid supports at 45 i n another aspect, the substrate includes a water- 
each repeat cycle. impermeable backing, a water-permeable film formed on tbe 

The dispensing device may be loaded with a new solution, backing, and a grid formed on the film, where tbe grid is 

by tbe steps of (i) dipping the capillary channel of the device composed of intersecting water- impervious grid elements 

in a wash solution, (ii) removing wash solution drawn into extending from the backing to positions raised above the 

tbe capillary channel, and (iii) dipping the capillary channel 50 surface of tbe film, forming a plurality of cells. A biopolymer 

into the new reagent solution. array is formed within each cell. 

Also included in the invention is an automated apparatus Also forming pan of tbe invention is a method of detect* 

for forming a microarray of analyte-assay regions on a ing differential expression of each of a plurality of genes in 

plurality of solid supports, where each region in the array a first cell type, with respect to expression of the same genes 

has a known amount of a selected, analyte-specific reagent. 55 in a second* cell type. In practicing tbe method, there is first 

Tbe apparatus has a bolder for holding, at known positions, produced fluorescent-labeled cDNAs from mRNAs isolated 

a plurality of planar supports, and a reagent dispensing from the two cells types, where the cDNAs from the first and 

device of tbe type described above. second cell types are labeled with first and second different 

Tbe apparatus further includes a positioning structure for fluorescent reporters, 

positioning the dispensing device at a selected array position «u A mixture of the labeled cDNAs from the two cell types 

with respect to a support in said bolder, and a dispensing is added to an array of polynucleotides representing a 

structure for moving the dispensing device into tapping plurality of known genes derived from the two cell types, 

engagement against a support with a selected impulse effec- under conditions that result in hybridization of the cDNAs to 

tivc to deposit a selected volume on the support, c.g, a complementary-sequence polynucleotides in tbe array. Tbe 

selected volume in tbe volume range 0.01 to 100 nl. 65 array is then examined by fluorescence under fluorescence 

Tbe positioning and dispensing structures are controlled excitation conditions in which (i) polynucleotides in the 

by a control unit in the apparatus. Tbe unit operates to (i) array that are hybridized predominantly to cDNAs derived 
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from ooeof -fc-or- JceU.ypcs.ive.d^ ^ 

or second fluorescence emission color, respectively, ind (u) iNvtiNiiuw 

polvnucleoiides in ibe array that are hybridized lo substan- j Dcfomiuns 

dally equal numbers of cDNAs derived from the first and Ualcss indicated otherwise, ibe lerms defined below have 

second cell types give a distinct combined fluorescence 5 ^ foUowing mcan ings: 

emission color, respectivery. The relative expression of « ljRtnd » refers to one member of a ligand/anti-ligand 

known genes in the two cell types can then be determined by ^ ^ txjd m ay be, for example, ooe of the 

the observed fluorescence emission color of each spot DUC i e i C ac id strands in a complementary, hybridized nucleic 

These and other objects and features of the invention will ^ bmding pa i n ^ effector molecule in an effector/ 

become more fully apparent when the foUowing detailed « re ^ lorbmd in g pair;or an antigen in an antigen/antibody or 

description trf the 'invention is read in conjunction with the an iigen.'antibody fragment binding pair, 

accompanying figures, -Anti-ligand" refers to the opposite member of a ligand/ 

Tne file of this patent contains at least one drawing ami.ijgand binding pair. Tbe anti-ligand may be the other of 

executed in color. Copies of this patent with color drawmg ihc nueJcic acid slrands ^ t uimpkmcntary, hyhridiml 

(s) will be provided by the Patent and Trademark Office ^ add binding pair, the receptor molecule in an 

upon request and payment of the necessary fee. effector/receptor binding pair, or an antibody or antibody 

BRIEF DtSCRIKllON Oh' 'IHfc DRAWINGS tSiSS'X'ZSS*"^^' 

FIG 1 is a side view of a reagent-dispensing device jc "Aoalyie" or "analyte molecule" refers to a molecule, 

having a open-capillary dispensing head constructed for use a macromolecule, such as a polynucleotide or 

in one embodiment of tbe invention; polypeptide, whose presence, amount, and/or identity are to 

FIGS 2A-2C illustrate steps in the deliver}' of a fixed- ^ ^crmined. The analyic is one member of a ligand/anO- 

volum'e "bead on" a hydrophobic surface employing the to- pair 

pensing head from FIG. 1, in accordance with one embodi- ^ "Analyte-specific assay reagent'' refers to a molecule 

ment of the method of the invention; effective to bind specifically to an analyte molecule. Ibe 

FIG 3 shows a portion of a two-dimensional array of reagent is the opposite member of a ligand/anti-ligand 

analyte-assay regions constructed according to the method binding pair. 

of the invention; An "array of regions on a solid support" is. a linear or 
FIG 4 is a planar view showing components of an 30 two-dimensional array of preferably discrete regions, each 

automated apparatus for forming arrays in accordance with having a finite area, formed on the surface of a solid support, 

the invention. A "microarray" is an array of regions having a density of 

FIG 5 shows a fluorescent image of an actual 20x20 array accrete regions of at least about 100/cnT , and preferably at 

of 400 fluorcscently-labeled DNA samples immobilized on lcasl about 1000/cm : . The regions in a microarray have 
a poly-l-lvsine coated slide, where the total area covered by 35 typical dimensions, e.g., diameters, in the range of between 

the 400 element amy is 16 square millimeters; about 10-250 /on, and are separated from other regions in 

FIG 6 is a fluorescent image of a 1.8 cmxl.8 cm the array by about the same distance, 

microarray containing lambda clones with yeast inserts, the A support surface is "hydrophobic" if a aqueous-medium 

fluorescent signal arising from the hybridization to tbe array droplet applied to the surface does not spread out substan- 

with approximately half the yeast genome labeled with a 40 beyond the area size of the applied droplet That is, the 

ereen fluoropbore and the other half with a red fluoropbore; sur f ace acts to prevent spreading of the droplet appbed to the 

FIG 7 shows the translation of tbe hybridization image of surface by hydrophobic interaction with the droplet 

FIG 6 into a karyotype of the yeast genome, where the A -meniscus" means a concave or convex surface that 

elements of FIG. 6 microarray contain yeast DNAsequcnces forms on tbe bottom of a liquid in a channel as a result of tbe 

that have been previously physically mapped in the yeast surface tension of tbe liquid. 

omc . "Distinct biopolymers", as applied to tbe biopolymers 

HG 8 shows a fluorescent image of a 0.5 cmx0.5 cm forming a microarray, means an array member which is 

mw™'™ uf 24 cDNA clones, where ihe microarray was distinct from other array members on the basis of a ditterent 

nXtoJ simultaneously with total cDNA from wild type biopolymer sequence, and/or different ^ntraUons of the 

plant labeled with a green fluoropbore and total same or distinct biopolymers, and/or d.fferent mixtures of 

cDNA from a vansgenic Arabidopsis plant labeled with a distinct or diffcrcnt-conccnuauon biopolymers. Tbus an 

S fluorSore. and the arrow points to tbe cDNA clone array of "distinct polynucleotides; means an array 

renrSnZ tte gene introduced into the transgenic Arabi- containing, as its members, (0 distinct polynudeotides 

represenung idc g ^ ^ ^ mouq1 w ^ mtmbcu (u) 

^ 9 shows a plan view of substrate having an array of different, graded concentrations of given-sequence 

J2ta£* JrSr'lemenU in the form St . grid; polynucleotides and/or (iiO different-^mposiuon mixtures 

HgTo snows an enlarged plan view of one of the cells of two or more distinct polytmdeoUdcs. 

otide regions m the ceu, «* associated with a mven pathology or genetic 

FIG. 11 is an enlarged sectional view of the substrate in or a ecu associaiea ^ ^ 

Via 0 taken alone a section line in that figure; and makeup. 

HG llt a si irMethc^ of Murray Fomatmn . 
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HG. 1 illustrates, id a partially schematic view, a reagent- 
dispensing device 10 useful io practicing the met bod. The 
device gc Derail y includes a reagem dispenser 12 baviug ao 
elongate opco capillary channel 14 adapted to bold a quan- 
tity of the reagent solution, such as indicated at 16, as will 5 
be described below. The capillary' channel is formed by a 
pair of spaced-apart, coextensive, elongate members 12a, 
126 which are tapered toward one another and converge at 
a tip or tip region 18 at the lower end of the channel. More 
generally, toe open channel is formed by at least two 10 
elongate, spaced -apart members adapted to bold a quantity 
of reagent solutions and having a tip region at which 
aqueous solution in the channel forms a meniscus, such as 
the concave meniscus illustrated at 20 in FIG. 2A. The 
advantages of the open channel construction of the dispenser is 
are discussed below. 

With continued reference to FIG. 1, the dispenser device 
also includes structure for moving the dispenser rapidly 
toward and away from a support surface, tor effecting 
deposition of a known amount of solution in the dispenser on 20 
a support, as will be described below with reference to FIGS. 
2A-2C. In the embodiment shown, this structure includes a 
solenoid 22 which is activatable to draw a solenoid piston 24 
rapidly downwardly, then release the piston, e.g., under 
spring bias, to a normal, raised position, as shown. The 25 
dispenser is carried on the piston by a connecting member 
26, as shown. The just-described moving structure is also 
referred to herein as dispensing means for moving the 
dispenser into engagement with a solid support, for dispens- 
ing a known volume of fluid on the support 3G 

Ibe dispensing device just described is carried on an arm 
28 that may be moved either linearly or in an x-y plane to 
position the dispenser at a selected deposition position, as 
will be described. 

FIGS. 2A-2C illustrate the method of depositing a known 35 
amount of reagent solution in the just-described dispenser on 
the surface of a solid support, such as the support indicated 
at 30. The support is a polymer, glass, or other solid-material 
support having a surface indicated at 31. 

In one general embodiment, the surface is a relatively 
hydrophilic, i.e., wettable surface, such as a surface having 
native, bound or uuvalenlly aluicbetl charged groups. One 
such surface described below is a glass surface having an 
absorbed layer of a polycationic polymer, such as poly-1- A$ 
lysine. 

In another embodiment, the surface has or is formed to 
have a relatively hydrophobic character, i.e., one that causes 
aqueous medium deposited on the surface to bead. A variety 
of known hydrophobic polymers, such as polystyrene, 5C , 
polypropylene, or polyethylene have desired hydrophobic 
properties, as do glass and a variety of lubricant or other 
hydrophobic films that may be applied to the support sur- 
face. 

Initially, the dispenser is loaded with a selected analyte- 55 
specific reagent solution, such as by dipping the dispenser 
tip, after washing, into a solution of the reagent, and 
allowing filling by capillary flow into the dispenser channel. 
The dispenser is now moved to a selected position with 
respect to a support surface, placing the dispenser tip 60 
directly above the support-surface position at which the 
reagent is to be deposited. This movement takes place with 
the dispenser tip in its raised position, as seen in FIG. 2 A, 
where the tip is typically at least several 1-5 mm above the 
surface of the substrate. 65 

With the dispenser so positioned, solenoid 22 is now 
activated to cause the dispenser tip to move rapidly toward 



40 



and away from the substrate surface, making momentary 
contact with the surface, in effect, tapping the tip of the 
dispenser against the support surface. The lapping move- 
ment of the tip against the surface acts to break the liquid 
meniscus in the tip channel, bringing the liquid in the tip into 
contact with the support surface. This, in rum, produces a 
flowing of the liquid into the capillary space between the tip 
and the surface, acting to draw liquid out of the dispenser 
channel, as seen in FIG. 2B. 

FIG. 2C shows flow of fluid from the tip onto the support 
surface, which in this case is a hydrophobic surface. The 
figure illustrates that liquid continues to flow from the 
dispenser onto the support surface until it forms a liquid 
bead 32. At a given bead size, i.e., volume, the tendency of 
liquid to flow onto the surface will be balanced by the 
hydrophobic surface interaction of the bead with the support 
surface, which acts to limit the total bead area on the surface, 
and by the surface tension of the droplet, which tends toward 
a given bead curvature. At this point, a given bead volume 
will have formed, and continued contact of the dispenser tip 
with the bead, as the dispenser tip is being withdrawn, will 
have little or no effect on bead volume. 

For liquid-dispensing on a more hydrophilic surface, the 
liquid will have less of a tendency to bead, and the dispensed 
volume will be more sensitive to the total dwell time of the 
dispenser tip in the immediate vicinity of the support 
surface, e.g., the positions illustrated in FIGS. 2B and 2C. 

The desired deposition volume, i.e., bead volume, formed 
by this method is preferably in the range 2 pi (picoliters) to 
2 nl (nanoliters), although volumes as high as 100 nl or more 
may be dispensed. It will be appreciated that the selected 
dispensed volume will depend on (i) the "footprint* of the 
dispenser tip, i.e., the size of the area spanned by the tip, (ii) 
the bydrophobiciry of the support surface, and (iii) the time 
of contact with and rate of withdrawal of the tip from the 
support surface. In addition, bead size may be reduced by 
increasing the viscosity of the medium, effectively reducing 
the flow time of liquid from the dispenser onto the support 
surface. The drop size may be further constrained by depos- 
iting the drop in a hydrophilic region surrounded by a 
hydrophobic grid pattern on the support surface. 

In a typical embodiment, the dispenser tip is tapped 
rapidly against the support surface, with a total residence 
time in contact with the support of less than about 1 msec, 
and a rate of upward travel from the surface of about 10 
cm/sec. 

Assuming that the bead that forms on contact with the 
surface is a hemispherical bead, with a diameter approxi- 
mately equal to the width of the dispenser tip, as shown in 
FIG. 2C, the volume of the bead formed in relation to 
dispenser tip width (d) is given in Table 1 below. As seen, the 
volume of the bead ranges between 2 pi to 2 nl as the width 
size is increased from about 20 to 200 jan. 

TABLE 1 



d 


Volume (nl) 




2x IO" 5 


50 tnn 


3.1 x IO* 1 


100 


2.5 x l(T l 


200 fjm 


2 



At a given tip size, bead volume can be reduced in a 
controlled fashion by increasing surface hydrophobicity, 
reducing time of contact of the rip with the surface, increas- 
ing rate of movement of the tip away from the surface, 
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as? rx: - - * . _~ £ - zzxaxzi 

fashion. . -osiuoned u » defined array position with respect to that 

After depositing » bead tt one selected location on a » 

support, the tip is typically moved to """V^ devic£ * carried O o an arm 74 which is 

position on a second support. . drople its *P"*>« *J ^[.^T^ed oo a worm screw 80 driven (routed) io 

position, and thisprocess a repeated until a bquid droplet of WW ™™ „ 2 ^ unoer lDe 

Lreagentbasbeeodepositedataselectedpostuononeach ^ ^ i,, te figMt ^ «0 U 

of a plurality of supports. M f()r nlttlil „ ah , m i ihe screw axus. Ai 

The tip is then washed to remove me reagenr LcruidJU led £ ^ fc (o me ^ shaft of the 

with another reagent liquid and d» ^« "~^™2 Stepper motor, which in turn is carried on a sleeve 86. The 

ai eacb another array position « ^ebo[* tT,K« Tof ?n dispenser device, worm screw, the two sleeves mounting the 

embodiment, the £ is w^edan^ u £ ind tbe $le pper O0 tor used in moving the 

dipping the capillary channel of the *vw » » wash ^ ^ di(ection in ^ ngure fonD 

solution, (h) removing .wash »^ aM .^.^Jf e ^ wh at is referred to here collectively as a displacement 

lary channel, and (iii) dipping the capillary channel into the gfi 

new reagent solution. . . h ^ Tbe displacement assembly is constructed lo produce 

From the foregoing, it wiU be appreciated that U« ^ ^o-rangc movement in the direction of the screw, 

rwec^^ince, npen^p-lUry d«pe«er .p P^*-*e £ • an x ax^ in tbe figure. In one mode, the assembly 

advantages that (0 the open channel of the ; i, 'J**™? ftT na ions to move the dispenser in x-axis increments having 

rapid, efficient washing and drying before reloadmglhe up Juttow r ^ mode, 

with a new reagent. 00 P^"f"^°"° X?l£ ^ topTnseT unit may be nUd in precise x-axis mere- 
sample directly from a £J?Z 25 meats of several microns or more, for positioning tbe 

capdlanes do not require a penecuy taceo oouo menl ffl ^ .y (ve nical) axis of the figure, for positioning 

for fluid delivery. , 30 , h . AisBelBa a t a selected y axis position. The structure 

A^«C.«-W**^2^£ oTouS^ aUrotl^dcs afoced rod 88 mounted 

, solid support 40 in a^tilaiKx with (he method just mmmung , J of frame bars 90, 92, and a worm 

described is shown in FK3. 3. The array » formed of a Wj£«^P t rf ^ blrs 

polity of analyte-speofic reagent * % 98 jT^rm .crew is driven (muted) by , stepper 

42. where each repon may indude a ddferent analyu- M 9*. V ^ ^ fflc ^ of ^ 77 . m 

specific reagent As indicated *^^*"!*' ^u»r is mounted » bar 96, as shown. 

^^f«t^^^^S^^J& The structure just described, including worm screw 94 

be, ^f2m «n°erl«S "dmolor 100, is constructed to produce precise, micro- 

measured from "^^'J^ for example, an ^ range movement in tbe direction of the screw, .*„ along a 

ably in the range of £~!*^£^ l ££rM0 m ™ y alb in tbe figure. As above, tbe structure functions in one 

"" y htV Z! ^ IT^ oSSegto^ Ato mooeNo move T dispenser in y-axis increments having a 

f n 'T„^ m^Tsu^on Sated to evaporate the selecled distance in Ihe range 5-250 ,<m. acd m a second 

°^ S ,h Soole fcSSSSnV to leave a desired mode, to move the dispenser in precise y-axis increments of 

^Si^S£S^^ff^ drying may be <5 several microns (>m) or more, for positioning tbe denser 

array of dned. relatively nat regions. 45 associated positions on adjacent supports, 

done by heaungor i^^men, assembly and structure for moving mis 
?Z ST^ISS? » Xwfor more time for assembly in tbe y axis are referred to herein coUectwely as 
T^Z i^SdSS^V Tisabo possible to spot out positioning means for positioning tbe expensing device at a 

S „„,SS ^ying operation is complete. A bolder 102 in the apparatus functions to bold a plurality 

apparatus for forming to amy 01 anaiyie^sMy regiuu» «u ; • h curroo ns. aod position them at precise 

a^Ud support, where each -gi- - <b. -ay bas a lenown 5S fa- b«s o/wbicb 

amount of a selected, analyte^pecific «.genL ^eSpier moving m«nTis mounted. 

The apparatus is shown in planar, and parualry srtemaUc * e ™£™ * ^ m tbe device functions to 

1 and 2A-2C. movement Tbe control unit is constructed, according to conventional 

The dispenser is mounted in tbe device t°r movement . matml principles, to provide appropriate 

,oward^.w.ytomad^nsingpos.lfflnatwbicbtbeup ^"^"^^ ™ mc ^, lcQO i d & nd each of the stepper 

oftbcdispcnscrups.supponsurf^^ « m a given UnS sequence and for W ropri.te 

volumeofr^eni.soluuo^asjesc^ed^ u^Tne consuuciion of me uniu and me setdngs 



meni is effected by 



5,807,522 

11 12 

that are selected by the user to achieve a desired array ll>e construction of substrate is shown cross-sectionally 

nsiiern will be understood from the following description of in FIG. 11, which is an enlarged sectional view taken along 

a typical apparatus operation. view hoc 124 in FIG. 9. The substrate tncludcs a watcr- 

lniually, one or more supports are placed io one or more impermeable backing 126, such as a glass slide or rigid 
slots in the holder. Tbe dispenser is then moved to a position 5 P°ly»« sheet. Formed on the surface of the backing is a 

dK above a well (not shown) containing a solution of watet-permeable fita 128. Tne film ts formed of a porous 

the first reageot to be dispensed on the supports). The membrane materia , such a* mtrocel ulose membrane, or a 

dispe^rsolMoidisactuatednewtolowerthedispensertip porous web material, such as a nylon, polvpropylene. or 

mTtrns well, causing the capillary channel in the dispenser PVDF porous polymer material ■ Thetbickness o tne film is 

to fiUi Motors 82 100 are now' actuated to position the preferably between about 10 and 1000 /o. The Mm may be 

dispenser at a selected array position at the first of the applied to the backing by spraying or coaung uncured 

supports Solenoid actuation of the dispenser is then effee- material on the backing, or by applying a preformed mem- 

tiv^odispense a selected-volume droplet of that reagent at brane to the backing/The backing and film may be obtatned 

this location. As noted above, this operation is effective to as a preformed unit from commercial source e.g„ a plasttc- 
diTpense a selected volume preferabb' between 2 pi and 2 nl ^ backed mtroceUulose film available from Schleicher and 

^Z^^T^mo^^coatspo^^ilion 1 ^ STreference to FIG. 11, .be film-covered 

jne oispcoaci i» r Tv* V,,- surface is the substrate is partitioned mto a desired array of 

at an adjacent support and a similar volume of the so uuon *™ ^ wiieiWniittWe grid lines, such as lines 130, 
isdisr^nsedatthisr*^^ 

reagent has been dispensed at this preselected corresponding ^ bacRin ^ ^ cxtcQd ^ of ^ film 1S sbowDf 

position on each of the supports. typically a distance of 100 to 2000 >*m above the film 

Where it is desired to dispense a single reagent at more ^f acc# 

than two array positions on a support, the dispenser may be TJ)c ^ . incs arc f ormct j on lhc substrate by laying dtiwn 

moved to different array positions at each support, before aQ ymcmd or otherwise flowable resin or elastomer solution 

moving the dispenser to a new support, or solution can be ^ ^ m ^ ^ Stowing the material to infiltrate the porous 

dispensed at individual positions on each support, at one ^ dowQ |Q lfac backing( lDCD or otherwise harden- 

selected position, then the cycle repeated for each new amy ^ ^ ^ ^ tQ fonn ^ ccU^y substrate, 

position. Oqc preferred material for the grid is a flowable silicone 

To dispense the next reagent, the dispenser is positioned available from Loctite Corporation. The barrier material can 

over a wash solution (not shown), and the dispenser tip is ^ ^ cxuu dcd through a narrow syringe (e.g., 22 gauge) using 

dipped in and out of this solution until the reagent solution aif prcssurc or mcc banical pressure. The syringe is moved 

has been substantially washed from the lip. Solution can be restive to the solid support to print the barrier elements as 

removed from the lip, after each dipping, by vacuum, a ^ paUcrn . jhc extruded bead of silicone wicks into the 

compressed air spray, sponge, or the like. poxes of the solid support and cures to form a shallow 

The dispenser tip is now dipped in a second reagent well, 35 waterproof barrier separating the regions of the solid sup- 
and the filled tip is moved to a second selected array position 

in the first support. The process of dispensing reagent at each ]„ alternative embodiments, the barrier clement can be a 

of the corresponding second-array positions is then carried wax-based material or a thermoset material such as epoxy. 

out as above. This process is repeated until an entire -j^ barrier material can also be a ITV-curing polymer which 

microarray of reagent solutions on each of the supports has ^ ^ exrxwed in UV light after being printed onto the solid 

been formed. support The barrier material may also be applied to the solid 

IV. Microarray Substrate support using printing techniques such as silk-screen print* 

This section describes embodiments of a substrate having ing. The barrier material may also be a heat-seal stamping of 

a microarray of biological polymers carried on the substrate the porous solid support which seals its pores and forms a 

surface. Subsection A describes a multi-cell substrate, each 45 water-impervious barrier element, 1 be barrier material may 

cell of which contains a microarray, and preferably an also be a shallow grid which is laminated or otherwise 

identical microarray, of distinct biopolymcrs, such as dis- adhered to the solid support. 

tinct polynucleotides, formed on a porous surface. Subsec- In addition to plastic-backed nitrocellulose, the solid 

tion B describes a microarray of distinct polynucleotides support can be virtually any porous membrane with or 

bound on a glass slide coated with a polycationic polymer. 50 without a non-porous backing. Such membranes are readily 

A. Multi-Cell Substrate available from numerous vendors and are made from nylon, 

FIG. 9 illustrates, in plan view, a substrate 110 constructed PVDF, polysulfone and the like. In an alternative 

according to the invention. The substrate has an 8x12 embodiment, the barrier element may also be used 10 adhere 

rectangular array 112 of cells, such as cells 114, 116, formed the porous membrane to a non-porous backing in addition to 
on the substrate surface. With reference to FIG. 10, each cell, 55 functioning as a barrier to prevent cross contamination of the 

such as cell 114, in turn supports a microarray 118 of distinct assay reagents. 

biopolymcrs, such as polypeptides or polynucleotides al In an alternative embodiment, the solid support can be or 

known, addressable regions of the microarray. Two such a non-porous material. The barrier can be printed either 

regions forming the microarray are indicated at 120, and before or after the microarray of biomolecules is printed 00 
correspond to regions, such as regions 42, forming the 6U the solid support. 

microarray of distinct biopolymcrs shown in FIG. 3. As can be appreciated, the cells formed by the grid lines 

Ine yo-cell array shown in FIG. 9 typically has array and the underlying backing are water-impermeable, having 

dimensions between about 12 aod 244 mm in width and 8 side barriers projecting above the porous film, in the cells, 

and 400 mm in length, with the cells in the array having Thus, defined-volume samples can be placed in each well 
width and length dimension of Via and V» the array width and 65 without risk of cross<ontamination with sample material in 

length dimensions, respectively, i.e., between about 1 and 20 adjacent cells. In FIG. U, defined volumes samples, such as 

in width and 1 and 50 mm in length. sample 134, are shown in the cells. 
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each well contains a miooarrav of To form tbc micraarray defined 

" " - i^ivmers In ok woeral embodiment, the polynucleotides are deposited on the polymer-coated sude, 

« £2 a^.ys of distinct as d«aibed in SectioD E. According to .n tfuportam feature 

T^ZZL e c different ^qT^lyDuckotides. Such of tbc abar.tc.ibc deposited polynucleotides remain bound 
bl opo ym e rs,e.g different «£^P V melh od S s to the coated slide surface oon<ovalently when an aqueous 

arrays can be lormeo a a ^?** c -, leae a oolv- DMA sample is applied to the substrate under conditions 

<^*J^Z£Sw^& 5^hX bybnTzation of reponer-labelcd polynuclc- 

Bud eou* at the same«Mea M , ^ in ±t ^ le complementary-sequence (smgle- 

<hHer ? n ™Zc.l ^croimv is formed in each cell. 10 is iUustrated in Examples 1 and 2. 

T„ P , »re?«a^ emSnt, ea^b micro.rr.y contains To illustrate mis feature, a substrate ot tbe type ,u« 

w . if? S. «.Wr^te.Ude «.r p.l >T eptide biupuly- described, but having an array of same-sequence 

j£« are. rites th« about 1 an 1 . Also in a polynucleotides, was mixed wuh nm.rcscenl.l.be ted 

mc ?P" " .™ers in each microamy complementary DNA under hybridization conditions. After 

■^tSffiSEKS oe^bou. 0.1 „ wasLg toTeLove non-hybridized matenal tbe substrate 

region are present m » «noea examined by low-power fluorescence microscopy. Tbe 

K^fiS^^ -y can be Ju^izeTby the relatively uniform labeling 

* l^iVfined amount of deposited material, can be pattern of tbe array regions. 

° { u l f f^n«^muKSur.y.formmgme*od In a preferred embodiment, each micrwrny contains at 

achieved in with tbe microaxray w ^ ^^^^ of peptide biopolymers 

dC ^n m a^"' embodiment, tbe biopolymers are persurf.ee are. of less man .bout 1 cm 2 . Inthe emtedimen, 
step-wue ^^"^^^^HrraT iT an assay femiornoks aid 100 n.nomoles in the case of polynucle- 

"Scn^/may^nduaed in an "open-face" format oUg^ucleoUVles^ich^nbef^edinbigh^nsiry.rnys 
wb^ oo^ Lhng step is required, since ,ne hybrid- by various in sin. synthesis schemes. 

^"^^^rS^^rtZ 35 Mioo^ays of immobilized nucleic acid sequences pre- 

^LL^te en^^s^^rui Se pjed in accoriancc with tbe invenUon can be used forUrge 

am T< n,t£arravs U^quicuVenough to dfluTe the scale hybridization assays in numerous genetic applications, 

numerous m.croarrays ^ nr«ojucBy^s and physical mapping of genomes, mom- 

RG. 5 shows a substrate 136 omcd ^J^ "^ b conltnicting physical maps of tbe genome, arrays of 

aspect of tbe invenUon. and intended for use in detecting "^M DNA fr—^ m hvbridized with 

binding of bbeled polynucleotides* one or more of a so ^^^^^^^Ma^M 

pfcrahrV Sj^^SS™ overlap and are therefore 

glass substrate 138 having formed on ^"rtacc^tmg W " immobilized clones on the array. For 

ot^y^mc^ymtxpcf^mz^^Y^ e^X uhrach. el aL, describe such a process. 

-!*-»«^«f3^^~ ol te d 5& * ^The arrays of immobilized DNA fragments may also be 
tionic coating is a micro.rray i«i """""" f or ceneuc diaimostics. To fllustrate. an array conum- 

polynucleotides. each locabzed at lenown selected array J^ffSSSZ^ 

regions, such as regions 1«. iUUW „ film nf «Sh a labeled mixture of » patient's DNA which will 

^i^^^^^ p^erlnSy interact with onj one of the immobilized 

amount of polyc»«»on« potymer addei I » nS dU Z*^ays of immobilized DNA frngmenls can .lso 

., le«t a monolayer of polymers on the 8^^*^^ DNAprobe diagnostics. For e«mple. tbe identity 

polymer film is bound to surface v,. eleewstatic brndrng be ^""^^ C1Q ^ unam- 

between negative «lyl-OH groups on tbe surf ace and of pMbogenu m ^^J™ ^ 

charged amine groups in tbc polymers. Poly-Hysme coated « ^^^"S^Sg m«v types of known 

^mBmrU*^*—^****** EiZSZSZEh* tecS* «n atobe used for 

Chemical Co. (Sl Louis, Mo.). 
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unambiguous gcnotyping of aoy organism. Other molecules 
of genetic interest, sucb as cDNAs and RNAs can be 
immobilized oo ibe array or alternately used as the labeled 
probe mixture that is applied to the array. 

In one application, an array of cDNA clones representing 
genes is hybridized with total cDNA from an organism to 
monitor geoe expression for research or diagnostic purposes. 
Labeling total cDNA from a normal cell with one color 
fiuoropbore and total cDNA from a diseased cell with 
another color fiuoropbore and simultaneously hybridizing 
the two cDNA samples to the same array of cDNA clones 
allows for differential gene expression to be measured as the 
ratio of the two fluorophore intensities. This two-color 
experiment can be used to monitor gene expression in 
different tissue types, disease states, response to drugs, or 
response to environmental factors. An example of this 
approach is illustrated in Example 2, described with respect 
to FIG. 8. 

By way of example and without implying a limitation of 
scope, such a procedure could be used to simultaneously 
screen many patients against all known mutations in a 
disease gene. This invention could be used in the form of, for 
example, 96 identical 0.9 cmx2.2 cm microanays fabricated 
on a single 12 cmxlS an sheet of plastic-backed nitrocel- 
lulose where each micro amy could contain, for example, 
100 DNA fragments representing all known mutations of a 
given gene. The region of interest from each of the DNA 
samples from 96 patients could be amplified, labeled, and 
hybridized to the 96 individual arrays with each assay 
performed in 100 microliters of hybridization solution. The 
approximately 1 thick silicone rubber barrier elements 
between individual arrays prevent cross-contamination of 
the patient samples by sealing the pores of the nitrocellulose 
and by acting as a physical barrier between each micro array. 
The solid support containing ail 96 microarrays assayed with 
the 96 patient samples is incubated, rinsed, detected and 
analyzed as a single sheet of material using standard 
radioactive, fluorescent, or colorimetric detection means 
(Manillas, et aL, 1989). Previously, sucb a procedure would 
involve the handling, processing and tracking of 96 separate 
membranes in 96 separate sealed chambers. Dy processing 
aU 96 arrays as a single sheet of material, significant time 
and cost savings are possible. 

The assay format can be reversed where the patient or 
organism's UNA is immobilized as the array elements and 
each array is hybridized with a different mutated allele or 
genetic marker. The gridded solid support can also be used 
for parallel non-DNA ELISA assays. Furthermore, the 
invention allows for toe use of all standard detection meth- 
ods without the need to remove the shallow barrier elements 
to carry out the detection step. 

In addition to the genetic applications listed above, arrays 
of whole cells, peptides , enzymes, antibodies, antigens, 
receptors, ligands, phospholipids, polymers, drug cogener 
preparations or chemical substances can be fabricated by the 
means described in this invention for large scale screening 
assays in medical diagnostics, drug discovery, molecular 
biology, immunology and toxicology. 

The multi-cell substrate aspect of the invention allows for 
the rapid and convenient screening of many DNA probes 
against many ordered arrays of DNA fragments. This elimi- 
nates the need to handle and detect many individual arrays 
for performing mass screenings for genetic research and 
diagnostic applications. Numerous microarrays can be fab- 
ricated on the same solid support and each microamy 
reacted with a different DNA probe while the solid support 
is processed as a single sheet of material. 



10 



Ihe following examples illustrate, but in no way are 
intended to limit, the present invention. 

EXAMPLE 1 

Gcnomic-Complcxity Hybridization to DNA 
Microarrays Representing the Yeast Saccharomyces 
cerevisiae Genome with Two-Color Fluorescent 
Detection 

The array elements were randomly amplified PCR 
(Boblander, et al., 1992) products using physically mapped 
lambda clones of S. cerevisiae genomic DNA us templates 
(Riles, et al., 1993). The PCR was performed directly on the 
lambda phage lysates, resulting in an amplification of both 
5 the 35 kb lambda vector and the 5-15 kb yeast insert 
sequences in the form of a uniform distribution of PCR 
product between 250-1500 base pairs in length. Ihe PCR 
product was purified using Sepbadex G50 gel filtration 
(Pharmacia, Piscataway, NJ.) and concentrated by evapo- 
2C ration to dryness at room temperature overnight. Each of the 
864 amplified lambda clones was reby dialed in 15 of 
3xSSC in preparation for spotting onto the glass. 

The microarrays were fabricated on microscope slides 
which were coated with a layer nf poly-l-lysine (Sigma). The 
25 automated apparatus described in Section III loaded 1 ^1 of 
the concentrated lambda clone PCR product in 3xSSC 
directly from 96 well storage plates into the open capillary 
printing clement and deposited -5 nl of sample per slide at 
380 micron spacing between spots, on each of 40 slides. The 
x process was repeated for all 864 samples and 8 control spots. 
After the spotting operation was complete, the slides were 
rebydrated in a humid chamber for 2 hours, baked in a dry 
80° vacuum oven for 2 hours, rinsed to remove unabsorbed 
DNA and then treated with succinic anhydride in reduce 
35 non-specific adsorption of the labeled hybridization probe to 
the poly-l-lysine coated glass surface. Immediately prior to 
use, the immobilized DNA on the array was denatured in 
distilled water at 90* for 2 minutes. 
For the pooled chromosome experiment, the 16 chromo- 
40 somes of Saccharomyces cerevisiae were separated in a 
CHEF agarose gel apparatus (Biorad, Richmond, Calif.). 
The six largest chromosomes were isolated in one gel slice 
and the ten smallest chromosomes in a second gel slice. The 
DNA was recovered using a gel extraction kit (Qiagen, 
45 Chalsworth, Calif.). The two chromosome pools were ran- 
domly amplified in a manner similar to that used for the 
target lambda clones. Following amplification, 5 micro- 
grams of each of the amplified chromosome pools were 
separately random-primer labeled using Klenow polymerase 
so (Amersham, Arlington Heights, 111.) with a lissamine con- 
jugated nucleotide analog (Dupont NEN, Boston, Mass.) for 
the pool containing the six largest chromosomes, and with a 
fluorescein conjugated nucleotide analog (BMB) for the 
pool containing ten smallest chromosomes. The two pools 
55 were mixed and concentrated using an ultrafiltration device 
(Amicon, Din vers, Mass.). 

Five micrograms of the hybridization probe consisting of 
both chromosome pools in IS /4 of TE was denatured in a 
boiling water bath and then snap cooled on ice. 2.5 /il of 
60 concentrated hybridization solution (5xSSC and 0.1% SDS) 
was added and all 10 >il transferred to the array surface, 
covered with a cover slip, placed in a custom-built single - 
slide humidity chamber and incubated at 60° for 12 hours. 
The slides were then rinsed at room temperature in O.lxSSC 
05 and 0.1% SDS for 5 minutes, cover slipped and scanned. 
A custom built laser fluorescent scanner was used to 
detect the two-color hybridization signals from the 1.8x1.8 
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cm array at 2U micron resolution. *l"hc scanned image was 
gridded and analyzed using custom image analysis software. 
After correcting for optical crosstalk between toe ftuoro- 
pnorcs due to their overlapping emission spectra, the red and 
green hybridization values for each clone on the array were 
correlated to the known physical map position of the clone 
resulting in a computer-generated color karyotype of the 
yeast genome. 

FIG. 6 shows the hybridization pattern of the two chro- 
mosome pools. A red signal indicates that the lambda clone 
on the array surface contains a cloned genomic DNA seg- 
ment from one of the six largest yeast chromosomes. A green 
signal indicates that tbe lambda clone insert comes from one 
of the ten smallest yeast chromosomes. Orange signals 
indicate repetitive sequences which cross hybridized to both 
chromosome pools. Control spots on the array confirm that 
the hvbridization is specific and reproducible. 

The physical map locations of the genomic DNA frag- 
ments contained in each of the clones used as array elements 
have been previously determined by Olson and co-worker* 
(Riles, ct al.), allowing for the automatic generation of the 
color karyotype shown in FIG. 7, The color of a chromo- 
somal section on the karyotype corresponds to tbe color of 
the array element containing tbe clone from that section. The 
black regions of the karyotype represent false negative dark 
spots on the array (10%) or regions of the genome not 
covered by the Olson clone library (90%). Note that the six 
largest chromosomes are mainly red while the ten smallest 
chromosomes are mainly green, thus matching the original 
CHEF gel isolation of the hybridization probe. Areas of the 
red chromosomes containing green spots and vice-versa arc 
probably due to spurious sample tracking errors in tbe 
formation of the original library and in tbe amplification and 
spotting procedures. 

The yeast genome arrays have also been probed with 
individual clones or pools of clones that are fluorescently 
labeled for physical mapping purposes. The hybridization 
signals of these clones to the array were translated into 
positions on the physical map of the yeast genome, 

EXAMP1£2 

Total cDNA Hybridized to Micro Arrays of cDNA 
Clones with Two-Color Fluorescent Detection 

Twenty-four clones containing cDNA inserts from the 
plant Arabidopsis were amplified using PCR. Salt was added 
to tbe purified PCR products to a final concentration of 
3xSSC. The cDNA clones were spotted on poly-Mysine 
coated microscope slides in a manner similar to Example 1. 
Among the cDNA clones was a clone representing a tran- 
scription factor HXT4, which had previously been used to 
create a transgenic line of tbe plant Arabidopsis. in which 
this gene is present at ten times the level found in wild-type 
Arabidopsis (Schena, ct aU 1992). 

Total poly-A mRNA from wild type Arabidopsis was 
isolated using standard methods (Maniatix, el al. t 1 989) and 
reverse transcribed into total cDNA, using a fluorescein 
nucleotide analog to label tbe cDNA product (green 
fluorescence). A similar procedure was performed with the 
transgenic line of Arabidopsis where the transcription factor 
HA1'4 was inserted into the genome using standard gene 
transfer protocols. cDNA copies of mRNA from the trans- 
genic plant are labeled with a lissamine nucleotide analog 
(red fluorescence). Two micrograms of the cDNA products 
from each type of plant were pooled together and hybridized 
to tbe cDNA clone array in a 10 microliter hybridization 
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reaction in a manner similar to Example 1. Rinsing and 
detection of hybridization was also performed in a manner 
similar to Example 1. FIG. 8 shows tbe resulting hybridiza- 
tion pattern of the array. 

Genes equally expressed in wild type and tbe transgenic 
Arabidopsis appeared yellow due to equal contributions of 
the green and red fluorescence to the final signal. Tbe dots 
are different intensities of yellow indicating various levels of 
gene expression. The cDNA clone representing the tran- 
scription factor HAT4, expressed in the transgenic line of 
Arabidopsis but not detectably expressed in wild type 
Arabidopsis, appears as a red dot (with the arrow pointing to 
it), indicating the preferential expression of tbe transcription 
factor in the red-labeled transgenic Arabidopsis and the 
relative lack of expression of tbe transcription factor in tbe 
green-labeled wild type Arabidopsis. 

An advantage of the microarray hybridization formal for 
gene expression studies is tbe high partial concentration of 
each cDNA species achievable in the 10 microliter hybrid- 
ization reaction. This high partial concentration allows for 
detection of rare transcripts without tbe need for PCR 
amplification of the hybridization probe which may bias tbe 
true genetic representation of each discrete cDNA species. 

Gene expression studies such as these can be used for 
genomics research to discover which genes are expressed in 
which cell types, disease states, development slates or 
environmental conditions. Gene expression studies can also 
be used for diagnosis of disease by empirically correlating 
gene expression patterns to disease slates. 

EXAMPLE 3 

Multiplexed Colorimetric Hybridization on a 
Gridded Solid Support 

A sheet of plastic-backed nitrocellulose was gridded with 
barrier elements made from silicone rubber according to tbe 
description in Section IV- A. Tbe sheet was soaked in 
lOxSSC and allowed to dry. As shown in FIG. 12, 192 M13 
clones, each with a different yeast inserts were arrayed 400 
microns apart in four quadrants of the solid support using the 
automated device described in Section III. The bottom left 
quadrant served as a negative control for hybridization, 
while each of tbe other three quadrants was hybridized 
simultaneously with a different oligonucleotide using the 
open-face hybridization technology described in Section 
IV-A. The first two and last four elements of each array are 
positive controls for the calorimetric detection step. 

The oligonucleotides were labeled with fluorescein, 
which was detected using an anti-fluorescein antibody con- 
jugated to alkaline phosphatase that precipitated an NBT/ 
BCIPdye on tbe solid support (Amersham). Perfect matches 
between the labeled oligos and the M13 clones resulted in 
dark spots visible to the naked eye and detected using an 
optical scanner (HP ScanJet II) attached to a personal 
computer. The hybridization patterns are different in every 
quadrant indicating that each oligo found several unique 
M13 clones from among the 192 with a perfect sequence 
60 match. Note that tbe open capillary printing tip leaves 
detectable dimples on the nitrocellulose which can be used 
to automatically align and analyze the images. 

Although the invention has been described with respect to 
65 specific embodiments and methods, it will be dear that 
various changes and modification may be made without 
departing from tbe invention. 
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We claim: nucleic acid strands and wherein steps (a) and (b) are 

1. A method of forming a microarray of discrete analyte- repeated until the microarray has about 100 or more discrete 
assay regions on a solid support, where each discrete region regions of distinct nucleic acid strands per cm 2 of solid 
in the microarray has a selected, analytc-spccific reagent, SU PP°^ — , . , , 
said method comprising, 5 3. The method of claim 1, wherein the reagents used to 

r . . - * * . . form the discrete regions in the microanay are distinct 

(a) loading an aqueous solution of a selected analyte. ^ Rlrands * and wilcrcin sleps (a) and (,,) are 

specific reagent in a reagent^^nsing device having repeatC(J umil ^ mictoarray ^ abom 10 00 or more 

an elongate capillary channel adapted to hold a quantity discrcIC ^00$ 0 f 6 ^ liDCl 0U clcic acid strands per car of 

of the reagent solution and having a tip region at which ^ g^^^ 

the solution in the channel forms a meniscus, 30 4 ^ mclnod 0 f c j a i m 2, wherein the channel is open- 

(b) tapping the tip of the dispensing device against a solid sided. 

support at a defined position on the surface, with ao 5. The method of claim 3, wherein the channel is open- 
impulse effective to break the meniscus in the capillary sided. 

channel and deposit a selected volume between 0.002 The method of claim 4, wherein the volume is between 

and 2 nl of solution on the surface, and 35 0.002 and 0.25 nl. 

(c) repeating steps (a) and (b) until said microarray is 7. The method of claim 5, wherein the volume is between 
formed. 0.002 and 0.25 nl. 

2. Toe method of claim 1, wherein the reagents used to 

form the discrete regions in the microarray arc distinct • * ♦ * ♦ 



